Overall for group, 2/52 (3.8%) Pancreatitis, 2/41 (4.9%) Resolving choledocholithiasis, 0/3 (0%) Cholecystitis, 0/8 (0%) Group 4
Objective
To assess the utility of triage guidelines for patients with cholelithiasis and suspected choledocholithiasis, incorporating selective use of magnetic resonance cholangiography (MRC) and endoscopic retrograde cholangiopancreatography (ERCP) before laparoscopic cholecystectomy (LC).
Summary Background Data
ERCP is the most frequently used modality for the diagnosis and resolution of choledocholithiasis before LC. MRC has recently emerged as an accurate, noninvasive modality for the detection of choledocholithiasis. However, useful strategies for implementing this diagnostic modality for patient evaluation before LC have not been investigated.
Methods
During a 16-month period, the authors prospectively evaluated all patients before LC using triage guidelines incorporating patient information obtained from clinical evaluation, serum chemistry analysis, and abdominal ultrasonography. Patients were then assigned to one of four groups based on the level of suspicion for choledocholithiasis (group I, extremely high; group 2, high; group 3, moderate; group 4, low). Group 1 patients underwent ERCP and clearance of common bile duct stones; group 2 patients underwent MRC; group 3 patients underwent LC with intraoperative cholangiography; and group 4 patients underwent LC without intraoperative cholangiography.
Results
Choledocholithiasis was detected in 43 of 440 patients (9.8%). The occurrence of choledocholithiasis among patients in the four groups were 92.6% (25/27), 32.4% (12/37), 3.8% (2/52), and 0.9% (3/324) for groups 1, 2, 3, and 4, respectively (P Ͻ .001). MRC was used for 8.4% (37/440) of patients. Patient triage resulted in the identification of common bile duct stones during preoperative ERCP in 92.3% (36/39) of the patients. Unsuspected common bile duct stones occurred in six patients (1.4%).
Conclusions
The probability of choledocholithiasis can be accurately assessed based on information obtained during the initial noninvasive evaluation. Stratification of risks for choledocholithiasis facilitates patient management with the most appropriate diagnostic studies and interventions, thereby improving patient care and resource utilization.
Gallstone disease poses a major health problem in the United States. More than 600,000 cholecystectomies are performed yearly, with estimated direct costs for the diagnosis and treatment of gallstones exceeding $5 billion annually. 1 Choledocholithiasis is detected in 8% to 20% of patients undergoing cholecystectomy. [2] [3] [4] Several options are available for the diagnosis and treatment of choledocholithiasis, but there is no consensus on the optimal management strategy for these patients. 5 The selection of diagnostic and treatment approaches depends on multiple factors, including the level of suspicion for choledocholithiasis, patient and physician preferences, resource availability, and the expertise of the surgeons, endoscopists, and radiologists.
Clinical, ultrasonographic, and serum chemistry data commonly acquired during patient evaluations are sensitive in 96% to 98% and specific in 40% to 75% of the patients for the determination of choledocholithiasis. [2] [3] [4] Therefore, when these indicators are used for the selection of patients for endoscopic retrograde cholangiopancreatography (ERCP), up to 75% of the patients have no common bile duct (CBD) stones found during the procedure. Even though ERCP is effective for the diagnosis and clearance of CBD stones, this procedure can be associated with patient discomfort, inconvenience, and complications. 6 Magnetic resonance cholangiography (MRC) has been shown to possess diagnostic accuracy comparable to that of ERCP. [7] [8] [9] [10] [11] [12] In a previous study, we selected patients for MRC imaging on the basis of clinical evaluation, serum liver enzyme elevations, and CBD dilatation as detected by abdominal ultrasonography 11 ( Fig. 1 contains our previous management algorithm). Whereas MRC application resulted in accurate diagnosis of choledocholithiasis, we believed the approach was associated with overuse. Subsequently, we modified the approach to the management of patients with gallstone disease at our institution. The management approach categorized patients into four groups based on the level of suspicion for choledocholithiasis, which then directed patient evaluation and management. We hypothesized that with the implementation of these triage guidelines, there would be a reduction in redundant and unnecessary diagnostic testing, thus leading to improvements in magnetic resonance imaging and ERCP utilization. The utility of the new management guidelines was evalu-ated in this prospective nonrandomized study involving 440 patients.
METHODS
From January 1999 through April 2000, all patients who were candidates for laparoscopic management of cholelithiasis became eligible for preoperative evaluations directed by the new triage guidelines. Patients were evaluated and treated at the Lyndon B. Johnson General Hospital, a public teaching hospital affiliated with the University of Texas-Houston Medical School. This facility primarily serves the medically indigent patients in the Houston metropolitan area. Initial patient evaluations consisted of history and physical examinations and serum analyses for bilirubin, alkaline phosphatase, transaminase, and amylase. In addition, right upper quadrant abdominal sonograms were obtained for the determination of cholelithiasis and CBD diameter. On the basis of our previous observations, a CBD diameter of 5 mm as measured by abdominal ultrasonography was selected as the upper limit for the relatively young patient population with gallstone-related diseases treated at our institution. 11
Patient Selection and Treatment Algorithm
Patients were assigned to one of four groups. The assignment criteria included clinical diagnosis, abdominal ultrasonographic findings, and serum liver enzyme and amylase measurements. 11 Briefly, patients with cholelithiasis, a CBD diameter of 5 mm or more, and liver enzyme elevation, without clinical evidence of cholecystitis or biliary pancre- atitis, were diagnosed with choledocholithiasis and triaged to group 1. Patients with cholelithiasis, CBD diameter of 5 mm or more, and liver enzyme elevation, in the presence of cholecystitis, biliary pancreatitis, or apparent resolving symptomatic choledocholithiasis were triaged to group 2. Patients with cholelithiasis, liver enzyme elevation, and a CBD less than 5 mm were triaged to group 3, and patients with cholelithiasis, a CBD less than 5 mm, and normal liver enzyme values were triaged to group 4.
Patients with the highest level of suspicion for choledocholithiasis (group 1) underwent ERCP, endoscopic sphincterotomy, and endoscopic clearance of CBD stones before laparoscopic cholecystectomy (LC). Group 2 patients underwent further evaluation with magnetic resonance imaging, and these patients underwent therapeutic ERCP when choledocholithiasis was demonstrated by MRC, whereas patients whose MRC did not detect choledocholithiasis underwent LC with intraoperative cholangiography (IOC). Patients with a moderate risk for chole-docholithiasis (group 3) underwent LC and evaluation of the CBD with IOC at the time of surgery. Patients with a low suspicion for harboring CBD stones (group 4) underwent LC without IOC. Our current patient management algorithm is depicted in Figure 2 . All inpatients were monitored daily before surgery with regard to changes in clinical examination findings and serum liver enzyme values. When significant changes in these parameters were noted, patients were reassigned to the appropriate group based on the new information. All patient assignments to the treatment groups were directly supervised by one of the general surgeons (T.H.L., D.W.M., K.L.K., E.K.P.) based on the diagnostic and assignment criteria listed in Tables 1 and 2. Eleven patients managed during the study period were excluded from the data analysis because of a management approach that deviated from the guidelines.
This study was conducted with the approval of the Committee for the Protection of Human Subjects at the University of Texas-Houston Medical School. 
MRC Protocol
MRC was performed using either a torso or body coil, depending on abdominal girth, using the Horizon 1.5-T MRI system (General Electric). Traditional orthogonal axial and coronal and subsequently progressive oblique, axial, sagittal, and coronal MRC images were obtained utilizing the "single-shot," 0.5 number of excitations (NEX) fast spin-echo technique, with a matrix of 512 ϫ 512 with an echo time (TE) of 96.5 msec. Images were first obtained in the traditional orthogonal axial and coronal planes. Progressive oblique images were obtained in the following manner: sagittal oblique images were proscribed to the distal CBD based on a coronal long-TE (approximately 825 ms), thick slab scout image obtained using the "single-shot," 0.5 NEX fast spin-echo technique. Coronal oblique images were proscribed to the distal CBD as seen on the sagittal oblique images. Axial oblique images were then proscribed to the distal CBD as seen on the coronal oblique images. The approximate length of time required for each study was 15 minutes.
Radiographic Film Interpretation
Ultrasonograms, MRC images, and IOC radiographs were interpreted by radiologists who were not informed of the patients' treatment group assignments. The ERCP and endoscopic sphincterotomies were performed by gastroenterologists who were not investigators involved with the current study. ERCP films were interpreted by radiologists unaware of the patients' treatment group assignments.
Data Collection and End Points
All patients were triaged after the initial evaluation, and the data for groups 1, 2, and 3 were collected and recorded in a computer database concurrently. All patients received follow-up clinical evaluations during the initial 30-day period after cholecystectomy and then on an as-need basis for progress and complications related to missed CBD stones; routine serum chemistry measurements were not obtained during clinical follow-up. Missed common bile stones were defined as CBD stones that were unidentified by the designated patient triage process. The two principal end points of the study were the incidence of choledocholithiasis among patients in groups 1 through 4, and the incidence of missed CBD stones in each group. Additional end points included the frequency of MRC use and the requirement for application of both MRI and ERCP in a given patient.
Statistical Analysis
Quantitative data were expressed as mean (Ϯ standard error) or percentages. Categorical variables were compared using the chi-square or two-tailed t test where appropriate. Results were considered statistically significant at P Ͻ .05.
RESULTS
A total of 440 patients who underwent evaluation and treatment according to the triage guidelines were included in the data analysis. Three hundred eighty-one of the patients were female (86.6%) and 59 were male (13.4%). The patients ranged in age from 12 to 80 (mean 36.8). Twentyseven of the patients were assigned to group 1 (6.1%), and all group 1 patients had the clinical diagnosis of symptomatic choledocholithiasis. Thirty-seven of the patients were assigned to group 2 (8.4%), with the most common diagnoses being acute pancreatitis, resolving choledocholithiasis, and cholecystitis. Fifty-two of the patients were assigned to group 3 (11.8%), with the most common diagnosis in this group being acute pancreatitis. Three hundred twenty-four patients were assigned to group 4 (73.7%), with majority of the patient evaluations performed in the outpatient setting, and the most common indications for cholecystectomy were biliary colic and cholecystitis. Table 3 shows the patient demographics and rate of choledocholithiasis. During the study period, 11 additional patients were eligible but excluded from our data analysis because of management approaches that deviated from the proposed guidelines.
Group 1
All 27 group 1 patients underwent preoperative ERCP, and cholangiography was performed in 26 (96.3%). The average interval between abdominal ultrasonography and ERCP and between ERCP and LC was 4.0 Ϯ 2.4 days and 2.1 Ϯ 1.3 days, respectively. The failure to obtain an endoscopic cholangiography in one patient occurred because of a partially obstructing periampullary tumor, and this patient with cholangitis underwent a percutaneous transhepatic cholangiography that drained the infected bile and identified multiple CBD stones. Twenty-five of the patients (92.6%) were identified with CBD stones and underwent therapeutic ERCP. Endoscopic clearance of the CBD was accomplished in 22 of these patients (88%), which was confirmed by IOC. Three patients had retained CBD stones after attempted endoscopic stone retrieval, and these patients underwent open CBD explorations at the time of their cholecystectomies. One patient who had undergone preoperative endoscopic retrieval of two stones had an additional CBD stone identified by IOC. After surgery, this patient underwent a second endoscopic procedure with successful CBD clearance.
Group 2
All 37 patients in group 2 underwent further evaluation with MRC; 12 patients (32.4%) had CBD stones identified. These patients underwent subsequent ERCP and CBD stones were identified in 11 of these patients; the remaining patient had sludge identified only. Endoscopic clearance of the CBD was successful in 10 of the 11 patients before cholecystectomy. The average interval between abdominal ultrasonography and MRC and between MRC and LC was 2.9 Ϯ 1.6 days and 3.2 Ϯ 1.6 days, respectively. Twenty-six of the group 2 patients had MRI studies that did not indicate the presence of CBD stones; these patients underwent LC with IOC. The IOC in one patient showed a 3-mm CBD stone that had not been identified by MRC; this patient underwent postoperative ERCP with successful stone retrieval. The IOC could not be completed in three of the group 2 patients because of technical difficulties (11.5%), and none of these patients had evidence of choledocholithiasis during the postoperative period.
Group 3
Fifty-two patients were assigned to group 3 and underwent LC, during which IOC was completed in 48 patients (90.6%). The average interval between the initial abdominal ultrasonography and surgery was 3.7 Ϯ 2.4 days. Two patients (3.8%) had small CBD stones identified by IOC. One of these patients underwent laparoscopic CBD exploration, and the other patient underwent postoperative ERCP.
Group 4
Three hundred twenty-four patients were assigned to group 4, and 0.9% of the patients underwent IOC during LC for confirmation of biliary tract anatomy. Three patients (0.9%) had signs and symptoms suggestive of choledocholithiasis at 2 weeks, 1 month, and 6 months after surgery. Two of these patients underwent ERCP for the diagnosis and clearance of missed CBD stones, and the remaining patient presumably had spontaneous passage of a missed CBD stone before the negative postoperative ERCP.
Group Comparisons
Common bile duct stones were identified in 1.3% of the patients with a CBD diameter of less than 5 mm (groups 3 and 4) and in 57.8% of patients with a CBD diameter of 5 mm or more (groups 1 and 2) (P Ͻ .001). Statistical differences were noted in the CBD diameter and total bilirubin value of group 1 patients compared with patients in groups 2 and 3. Ultrasonography and serum chemistry data are summarized in Table 4 .
Overall, choledocholithiasis occurred in 43 patients (9.8%). The incidence of choledocholithiasis was 25 of 27 (92.6%) in group 1, 12 of 37 (32.4%) in group 2, 2 of 52 (3.8%) in group 3, and 3 of 324 (0.9%) in group 4 (P Ͻ .001). Missed CBD stones were identified in six patients (1.4%), with no occurrence in group 1 patients (0%), one patient in group 2 (2.7%), two patients in group 3 (3.8%), and three patients in group 4 (0.9%).
MRC and ERCP Results and Use
Thirty-nine patients (8.9%) underwent ERCP before LC; CBD stones were identified in 37 of these patients (94.9%). One of the two remaining patients had sludge identified during ERCP, and the other patient had a benign CBD stricture visualized. Thirty-two of the patients with choledocholithiasis (86.5%) had successful preoperative endoscopic clearance of the CBD, and the rest of the patients required CBD exploration or postoperative ERCP for stone extractions. Preoperative MRC was used in 37 patients (8.4%) during the study period. Twelve of these patients underwent subsequent ERCP for the extraction of CBD stones identified by MRI, resulting in the duplication of procedures in 2.7% of all patients (12/440) during the entire study period. One false-negative MRC result and one falsepositive MRC result were encountered during the study period, thus resulting in an MRC accuracy rate of 94.6%.
Comparison With Previous Results
Compared with the group of patients managed at our institution before the implementation of the current management scheme, 11 the current triage process led to a significant reduction in MRC use (23.5% vs. 8.4%, P Ͻ .001). This was accomplished with the maintenance of a high rate of CBD stone identification during ERCP (94.9%) and a reduction in the frequency of redundant application of MRC and ERCP in any given patient (7% vs. 2.7%, P Ͻ .01). The rate of missed CBD stones was found to be unaffected by the implementation of the current guidelines (1.1% vs. 1.4%, P ϭ .83).
DISCUSSION
Our data have important implications for physicians who care for patients with gallstone disease. Our findings suggest that patients can be accurately triaged into four groups based on relative suspicion for choledocholithiasis. The patient grouping can be subsequently used to direct patients toward the most appropriate diagnostic or therapeutic procedures: ERCP, MRC, LC with IOC, or LC without IOC.
Several previous studies have attempted to identify useful indicators for the diagnosis of choledocholithiasis, and these have produced variable results. Difficulties in establishing reliable clinical predictors have led to several subsequent studies investigating the accuracy of noninvasive imaging modalities for the diagnosis of choledocholithiasis. [7] [8] [9] [10] [11] [12] [13] [14] The current study differs in several respects from these prior investigations. Instead of comparing the diagnostic accuracy of the various imaging techniques, we adopted an approach that we believe would allow patients to be managed in a fashion that optimally uses the strengths of the available resources at our institution.
Choledocholithiasis is frequently associated with variable clinical presentations and spontaneous resolution. 15 Our patients who had an initial diagnosis of choledocholithiasis followed by subsequent resolution of the clinical picture were diagnosed with resolving choledocholithiasis. MRC evaluations revealed CBD stones in 41.7% (5/12) of the group 2 patients with this diagnosis. Based on our experience, accurate diagnosis in these patients without imaging studies was difficult; therefore, we found MRC to be useful in patient management. One of the problems we identified during the initial period of this study was difficulty in differentiating patients with symptomatic choledocholithiasis from those with cholecystitis. We believe this occurred because diagnosis was often based on subtle differences in the abdominal examination findings, and this differentiation had not been necessary before implementation of the current management approach. However, this problem quickly resolved with increased physician awareness and experience. Acute biliary pancreatitis was the most common diagnosis among the group 2 and 3 patients. The incidence of choledocholithiasis has been shown to be low among patients with acute biliary pancreatitis, which presumably is due to the early passage of gallstones. 16, 17 Early ERCP has not been shown to provide therapeutic benefits for patients without choledocholithiasis. 17 One of the questions raised regarding the management of patients with biliary pancreatitis involves the timing for the diagnosis and treatment of concurrent CBD stones. A single-center, randomized prospective study recently evaluated preoperative ERCP versus LC/IOC and postoperative ERCP for patients with confirmed CBD stones. 18 This trial, which included only patients with acute biliary pancreatitis, showed that 24% of the patients required ERCP when randomized to the postoperative treatment group. Several patients required remedial endoscopic procedures for CBD clearance, but no patient randomized to the postoperative treatment group required remedial surgery for retained CBD stones. Based on these results, the authors indicated a preference for the postoperative management of choledocholithiasis. The patients evaluated in that study had similar demographics to the group 2 patients in our study, where the incidence of choledocholithiasis was found to be 30% among our patients with pancreatitis. The success rate for complete resolution of choledocholithiasis by ERCP was 86.5% for the current group of patients, with the rate of success reported in the literature ranging from 75% to 92%. 6, 18, 19 The potential failure of ERCP has led us to believe that the routine treatment of choledocholithiasis during the postoperative period may lead to remedial surgery and added complications for some patients. Consequently, we believe that the use of preoperative MRC to identify choledocholithiasis among group 2 patients is appropriate.
The incidence of choledocholithiasis in group 3 patients was 3.8%, compared with the 0.9% seen in group 4 patients. Because these were not statistically different (P ϭ .09), one can argue that routine IOC may be unnecessary for group 3 patients. Although we are intrigued by these results, we are concerned that the lack of significance may be due to inadequate group 3 sample size. Therefore, we have continued to evaluate the utility of IOC in these patients.
The statistical analysis revealed differences in the CBD size and serum total bilirubin values between the patient groups. Despite this observation, we did not find these factors to be clinically useful during the evaluation of individual patients. This was largely due to the wide variation in CBD size and serum bilirubin values that were noted among patients with and without choledocholithiasis. Therefore, we believe that a noninvasive imaging modality such as MRC was well utilized for the preoperative evaluation of our group 2 patients.
A nondilated CBD was found to be a reliable predictor of the absence of CBD stones in 98.7% of the patients during the current study. Five millimeters, defined as the upper limit of normal CBD size in the current study, was smaller than the 6 to 12 mm generally defined by other investigators. 3,20 -27 The current standard was selected to accommodate the relatively young patients encountered at our institution, and the validity for this selection had been verified by our previous observations. 11 Whereas this measurement was found to be useful for the population of patients managed at our institution, larger CBD measurement standards may be needed when older patients are encountered.
There are several limitations to the current study; one of these is its prospective nonrandomized design, which requires comparison of current MRC use to previous use. Because the comparison group consisted of patients treated at our institution during the preceding 17 months, 11 we believe the difference in MRC use can be attributed to the intended changes in patient management and not to interval changes in patient demographics or other physician practices. The second potential limitation of this study is the lack of a formal cost analysis. This was not performed because we believe that a cost assessment would not reflect the true costs of patient management in our public hospital setting, where the length of hospital stay and the timing of MRC, ERCP, and surgery are frequently influenced by resource availability and other social factors. Another limitation is the relatively short follow-up period of our patients. By definition, retained CBD stones are stones that are identified within 2 years after cholecystectomy, 28 so the true frequency may be higher than reported. However, the relative frequency of late presentation of retained CBD stones should not differ significantly between the different treatment population; therefore, this underestimation should not alter the overall study conclusions.
In conclusion, the results of this prospective nonrandomized study suggest that initial triage of patients with cholelithiasis is important. Patient triage based on clinical assessment, routine serum chemistry analysis, and ultrasonographic determinations of CBD size results in the avoidance of unnecessary ERCP and an improvement in MRC utilization. 
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